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(57) Abstract 

This invention relates to a drug delivery system com- 
prising one or more pharmacologically active substances and 
a polysaccharide matrix having pseudoplastic properties, to 
a method for preparing the same, and to the use thereof for 
providing slow release of the active substance(s) in a biocom- 
patible environment following in vivo injection thereof. The 
method enables combining of the active substances and the 
matrix without prior suspending or dissolving the former in 
an aqueous media. Tne drug delivery system allows injection 
of aggregated drugs giving prolonged drug release in a bioc- 
ompatible environment. 
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Drug delivery system, method for preparing the same, and use thereof 
The present invention relates to a drug delivery system compri- 
sing one or more pharmacologically active substances and a 
polysaccharide matrix having pseudoplastic properties, to a 
method for preparing the same, and to the use thereof for 
providing slow release of the drug in a biocompatible environ- 
ment following in vivo injection. 

Parenteral drug administration by injection is readily achieved 
with water soluble drugs dissolving easily in the diluent, in 
most cases physiological saline. However, in performing injection 
of non-soluble drugs the drug particles tend to occlude the 
hypodermic needle not only making the injection thereof diffi- 
cult but also causing a loss ' of the drug and, thereby, an 
inexactly administred dose. Injection of slowly dissolving drugs 
requires, in addition the the above drawbacks of the non-soluble 
drugs, a considerable amount of time for preparing the solution 
to be injected. Pre-prepared injectable drugs are subject to 
substantial activity losses and, therefore, it is desired to keep 
the drug and diluent apart prior to use. 

To achieve a slow release or depot action of a drug in vivo it 
is known to aggregate, for example lactide aggregate, the drug. 
This aggregate is implanted to a desired position within the 
human or animal body or injected. An example of this is contra- 
ceptive drugs being aggregated and then implanted subcutaneously, 
for example in the form of a so called contraceptive-rod for 
prolonged use. These depot preparations are extremely desirable 
since they give a low dosis uniformly spread throughout the day 
and night, and are also suitable for individuals with a bad 
memory and for animals. The known drug aggregates cannot be 
injected into a desired site of the human or animal body and 
remain there until the drug delivery is completed. The solution 
to this problem has hitherto been implantation of larger drug 
aggregates, such as the above mentioned contraceptive- rod, but 
these are not biocompatible and, therefore, cause irritation of 
adjacent tissue and sometimes have to be removed surgically. 
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The properties of glucoseamine glucans, for example hyaluronic 
acid and its derivatives, have been known for a long time. The 
biocompatibility and lack of immunological response in vivo are 
the main properties rendering these useful agents within the 
medical field- The most known use of hyaluronic acid is for 
ophtalmic surgery. Also, a known use thereof is as a carrier for 
water-soluble drugs, see for example US 804 178. 

EP 224 987 describes a combination of a pharmacologically active 
substance and a pseudoplastic gel being biocompatible and 
injectable. However, this the active substance is not aggregated 
and, therefore, the combination does not give a depot or slow 
release action of the drug in vivo following injection thereof. 
Furthermore, the methods of preparing the combination involves 
dissolving or diluting the drugs in aqueous solution which is 
time consuming and only enables use of water-soluble drugs be- 
cause water-unsoluble drugs precipitate in the aqueous solution. 

US 4 495 471 describes a pseudoplastic gel combination intended 
for terapeutic percutaneous embolization of, for example, 
aneurysms, and comprising, in addition to the pseudoplastic gel, 
thrombin, and optional: metal powder, Ba-salt, low molecular 
weight drug. It does not contain an aggregated drug and, 
therefore, a prolonged depot action of the drug is neither 
intended nor achieved. 

An object of the present invention is to enable readily prepa- 
ration and injection of a drug delivery system comprising a water 
unsoluble or badly soluble drug and a pseudoplastic gel without 
the above drawbacks associated with prior art, ie precipitation, 
clogging, and loss of drug material. Another object of the 
invention is to provide injectable and biocompatible depot 
preparations . 

These objects are achieved with a drug delivery system compri- 
sing one or more pharmacologically active substances and a 
polysaccharide matrix having pseudoplastic properties, and with 



BNSOOCID: <WO 910SS44A1 I > 



WO 91/05544 

PCT/SE90/00683 



a method of parental injection, according to claims 1 and 12, 
respectively. 

The present invention takes advantage of the pseudoplastic 
properties of, for example, hyaluronic acid having shearing 
dependent viscosity. By performing repeated experiments, we 
surprisingsly found that water unsoluble or slowly soluble, for 
example particulate, cristalline and freeze dried, drugs' not 
possible to inject in water or physiological saline without the 
above mentioned drawbacks readily can be prepared and injected 
in association with pseudoplastic solutions. 

According to the method of the invention, one or more water 
unsoluble or badly soluble drug is first brought together with 
the pseudoplastic gel vehicle in a vial. Thereafter, the combina- 
tion is aspirated into a syringe provided with a cannula, the 
aspirating procedure being repeated, under visual observation 
until substantially all of the drug particles are incorporated 
into the pseudoplastic gel. Now, the combination is ready for 
injection. For storing purposes, the drug is suitably kept in one 
vial and the pseudoplastic gel in another vial, preferably a 
syringe. At the time of use, the gel is pushed out of the syringe 
into the drug vial and thereafter the combination is drawn back 
into the syringe, the drug being mixed with the gel substantially 
during the low viscosity phase of the gel, ie when it passes 
through the cannula. The method of the invention allows injection 
of water unsoluble or badly soluble drugs without prior suspen- 
ding or dissolving thereof in aqueous media. This is not only 
time saving but also eliminates the problems associated with 
prior art, ie precipitation, clogging and loss of valuble drug 
material • 

Alternatively, the pseudoplastic gel may be dehydrated initially 
and rehydrated together with the drug particles prior to use, 
capturing the drug within the pseudoplastic gel. 

In the present invention, there is used a polysaccharide matrix 
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with pseudoplastic properties as a vehicle of one or more 
pharmacologically active substances. The pseudoplastic gel comp- 
rises water and 0,05 to 20 % w/w matrix and examples thereof 
xnclude glucosamine glucans, hydroxy ethylcellulose, carboxy 
methyl cellulose or xanthan gum. The preferred matrix is glucose 
amxne glucans providing an excellent biocompatibility eliminating 
xrrxtation of adjacent tissue when adroinxstred in vivo. 

Examples of drugs which may be used in association with the 
invention, are hormones, growth factors, enzymes, antibiotics 
and combinations thereof. 

Also, the novel method of preparing the drug delivery system 
according to the invention enables incorporation of aggregated 
drug particles into the pseudoplastic gel to obtain a slow 
release action. Thus, it is now possible to inject aggregated 
drugs to a desired site in the human or animal body and at the 
same time, give these drugs a biocompatible protection in vivo 
The upper limit of the drug particle diameter has been determined 
to be about 1000 „. and this means that large as well as small 
drug particles can be aggregated and then incorporated into the 
gel. Drug substances being very active require a smaller amount 
than less active ones. Optionally, the small drug particles can 
be aggregated with several layers, and thereby delay the drug 
release further, provided the diameter is less than about 1000 
Mm. Of course, this can be done in a controlled fashion enabling 
the design of drug delivery systems with one or more drugs having 
desxred release rates. According to the invention it is thus 
possible to incorporate aggregated, for example lactide-aggrega- 
ted, drugs in the pseudoplastic gel to achieve a depot action of 
the drug in vivo. The preferred amount of lactide is fron about 
25 to about 99 % (w/w). By aggregating the drugs in varying 
degrees, release rates within desired ranges can be obtained. 
Thus, xt is possible to aggregate the pharmacologically active 
substances to the same extent to provide a unxfortnly controlled 
drug delivery rate. Alternatively, the pharmacologically active 
substances are aggregated to a different extent to provide 
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differently controlled drug delivery rates and, thereby, a wider 
drug delivery range. Also, the drug delivery system may compri- 
se non-aggregated active substance(s) so that drug delivery will 
start without delay. 

As appreciated from the above, water unsoluble as well as water- 
soluble drugs can be given a slow release rate in vivo by 
aggregating and incorporating thereof in a pseudoplastic gel 
according to the method of the invention. 

The following Examples are intended to illustrate the invention 
further without limiting the scope thereof. 

Example 1 

This example shows typical drug release rates of a drug delivery 
system according to the present invention. High molecular weight 
d,£ poly lactide was used to encapsulate albumin. The method of 
preparation was solvent evaporation which, optionally, was 
performed repeatedly to obtain larger beads of lactid aggregated 
albumin. Thereafter, the pseudoplastic combination was prepared 
as described above and the different combinations were injected 
into test tubes containing physiological saline. 

The results are shown in Fig. 1, wherein the A - ▲ curve 
represents an albumin/lactide ratio of 75/25 w/w%, the # - # 
represents an albumin/lactide ratio of 50/50 w/w% and the 

curve represents an albumin/lactide ratio of 25/75 

w/w% . 



From Fig. l it appears that the higher the lactid content the 
longer duration of the drug delivery. The largest beads, 
represented by ^ - in Fig. 1 are about 200 nm in diameter 

and have their maximum release after about 7 weeks. The least 
aggregated particles, represented by A - A in the figure 
are about 15 um in diameter and have their maximum release after 
about 1 to 2 weeks. The intermediate particles, represented by 
@ - 0 in the figure are only illustrative and it should be 
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understood that any size in between the two outermost curves are 
obtainable. The 200 jam beads are sprayed twice but it is, of 
course, possible to repeat the spraying more times provided the 
size does not exceed about 1000 jxm being the upper limit for 
incorporaion into the drug delivery system according to the 
invention. Earlier drug release than the 15 jxm particles can be 
obtained by incorporating non aggregated forms of the drug into 
the combination. In Fig, 1, 100% release equals the maximum 
obtainable . 



Example 2 

This example compares the amount of drug powder (tested com- 
pounds: albumin mw 60 000 and lysozyme mw 10 000) aspirated into 
saline and pseudoplastic gel, respectively. 

Drug powder of the tested compounds was put into a syringe from 
a glass injection vial by injecting a fixed amount of fluid (ie 
gel or saline) and aspirating the fluid-powder mixture once 
through a 20 gauge injection needle. The aspirated amount of 
powder was measured. The results are given in Table 1 below. 



Powder 
Albumin 

Albumin, lactide aggr. 
Lysozyme 

Lysozyme, lactide aggr 



Table 1 

% powder aspirated into 

saline pseudoplastic gel 

80 90 

20 95 

75 95 

25 95 



Most of the losses using saline as the aspirating fluid was due 
to - aggregation in the mixing vial. By allowing over night mixing 
of the powder and the test fluid the recovery of the albumin and 
lysozyme was almost 100% whereas the recovery of the lactide bead 
preparations did not change. 

Accordingly, the present invention allows preparation and 
injection of water unsoluble and badly soluble drugs in a 
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substantially more rapid and economical way compared to prior 
art. Furthermore, it allows injection of- biocompatible depot 
preparations having controlled drug delivery rates. 

Medical applications possible to perform in view of the basic 
teachings of the present invention are obvious for a person skil- 
led in the art. As an example, there can be mentioned combination 
preparations of, for example, streptokinase and heparin aggrega- 
ted suitably and incorporated in a pseudoplastic gel for 
administration in the vicinity of the coronary vessels to pre- 
vent coronary embolism. 
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CLAIMS 

1 . A drug delivery system comprising one or more pharmacologi- 
cally active substances and a polysaccharide matrix having 
pseudoplastic properties, wherein the active substances are 
aggregated to provide a slow release or depot action thereof 
wherein the drug delivery system is injectable into a desired 
site in the human or animal body, and wherein the drug delivery 
system is biocompatible. 

2. A drug delivery system according to claim 1, wherein the 
pharmacologically active substances are aggregated with d, £ 
polylactide . 

3. A drug delivery system according to claims 1 or 2, wherein 
the pharmacologically active substances are aggregated' with 25- 
99% (w/w) d,£ polylactlde. 

4. A drug delivery system according to claims 1-3, wherein the 
maximum diameter of the aggregated substances is about 1000 urn. 

5. A drug delivery system according to claims 1-4, wherein the 
pharmacologically active substances are aggregated to the same 
extent to provide a uniformly controlled drug delivery rate. 

6. A drug delivery system according to claims 1-4, wherein the 
pharmacologically active substances are aggregated to a diffe- 
rent extent to provide differently controlled drug delivery rates 
and, thereby, a wider drug delivery range. 

7. A drug delivery system according to claim 6, wherein it 
also comprises non- aggregated active substance(s) so that drug 
delivery will start without delay. 

8. A drug delivery sytem according to claims 1-7, wherein the 
matrix comprises 0,05 to 20 % (w/w) of the total system. 
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9. A drug delivery system according to claims 1-8, wherein the 
polysaccharide matrix is selected from the group consisting of 
glucose aminoglucans , hydroxy ethyl cellulose, carboxy methyl 
cellulose, and xanthan gum. 

10. A drug delivery system according to claims 1-9, wherein the 
pharmacologically active substances are selected from the group 
consisting of hormones, growth factors, enzyemes, antibiotics and 
combinations thereof. 



11. A drug delivery system according to claims 1-10, wherein 
the pharmacologically active substances are water unsoluble, 
semi soluble, or water soluble. 



12. A method of parental injection of water unsoluble or semi 
soluble drugs, wherein one ore more pharmacologically active 
substances are brought together with a pseudoplastic gel in a 
vial, the combination is aspirated into a syringe provided with 
a cannula, the aspirating procedure being repeated, under visual 
observation, until substantially all of the active substances are 
incorporated into the pseudoplastic gel. 

13. A method according to claim 12, wherein the active sub- 
stances are aggregated by solvent evaporation prior to combining 
with the pseudoplastic gel. 

14. A method according to claim 13, wherein the aggegation is 
performed with d,£-poly lactide. 

15. A method according to claim 14, wherein the aggegation is 
performed with 25-99% w/w d,£-poly lactide. 

16. A method according to claims 13-15, wherein the aggregation 
step is repeated to provide slower drug delivery rates. 

17. A method according to claims 13-16, wherein the aggregation 
step is performed in varying degrees to provide differently 



BNSOOCIO: <WO_91Q5S44Al J_> 



WO 91/05544 



PCT/SE90/00683 



10 



controlled drug delivery rates and, thereby, a wider drug 
delivery range. 

18. The use of a drug delivery system according to claims 1-11 
for providing slow release of the active . substance(s) in a 
biocompatible environment following in vivo injection thereof. 
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FIGURE 1 
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